Abstract. Unmanned Aerial Vehicles (UAVs) are becoming more and more popular for use in a various sectors of the economy. The paper presents the results of experiments using a UAV, equipped with a high resolution digital camera, for a visual assessment of technical condition of a building with connection to a big project implemented in Barcelona that required visual data about buildings and their changes with time. Authors try to find out possibilities for the usefulness of digital images obtained from the UAV deck in concrete examples and figure out if they may be complementary to traditional ways used so far in a project called Building Research Analysis and Information Network, which is a platform for analysis to allow strategic decision-making for the maintenance and the sustainability of building stock.
Introduction
Recently, BRAIN (Building Research Analysis and Information Network) has been introduced by Serrat et al. (2017) [1] as a platform for the predictive analysis of the urban canyon. The methodology was initially introduced by Serrat and Gibert (2011) [2] and lately developed in [3] . BRAIN proposes, in a collaborative network of urban laboratories, a follow-up across time of the technical condition of the facades in a building stock. Supported by a GIS platform and a survival analysis-based methodology, BRAIN aims to infer on the time to the occurrence of potential failures or lesions in the existing facades. After modelling the time-to-event with the statistically significant variables, the predictive system allows strategic decision-making for the maintenance and the sustainability of the building stock. One o the most relevant issues in the methodology is the data collection procedure. Conventional inspections are primarily based on visual research methods. However, the data collection must be as exhaustive and accurate as possible, in order to minimize the variability among inspectors. As well, a massive and periodic inspection should be efficient in terms of data quality versus time and cost resources. Also in recent years, a lot of research has been developed exploring the use of digital images acquired through Unmanned Aerial Vehicles (UAVs) monitoring the technical condition of real estate and inventories of technical infrastructure. Within this perspective, Banaszek et al. (2017) [4] have proved the new opportunities that the use of UAVs offers in the area of technical inspection of buildings and constructions. In the civil engineering framework, large structures such as large-scale structures, bridges, chimneys, towers, dams, industrial power plants, power lines are often difficult to access for detailed technical inspection. New UAV data acquisition technologies offer new opportunities in this field. The data acquisition process is the most time-consuming, technically complex and therefore the most costly part of the audit [5] . UAV case studies to monitor the technical condition of objects of different sizes (residential building, dam, retaining wall at the runway) have shown that high resolution image quality enables visual identification of cracks of 0.3 mm at approx. 10 m from the recorded surface [6] .
In this paper authors conduct a study by implementing the use of UAVs in the data collection within the BRAIN framework. The main objective of the contribution is the preliminary approach to determine the conditions of use, and to evaluate the benefits, as well as disadvantages, of this high performance technology as a complement or alternative to the traditional method, which is based on visual inspections supported by high resolution digital camera images, for the failures diagnosis of facades. So, the paper presents and discusses the results of experiments using UAV, equipped with a high-resolution digital camera, for a visual assessment of the technical condition of the facades.
The paper is organized as follows. In Section 2 the BRAIN methodology will be introduced, in particular details on the inspection procedure will be given. Characteristics of the sample under study and the corresponding flights will be described in Section 3. Results and discussion will compose Section 4. The paper ends with a summary of the main conclusions.
BRAIN methodology
The BRAIN predictive system is integrated by four components. In short, a) the collaborative approach in order to joint and analyze the information from the nodes in the network of urban labs, b) the inspection methodology to be applied in each urban lab, c) the survival analysis methodology as a statistical technique for the durability and modeling estimation and, d) the GIS platform as a tool for managing the information and the analyses. Details of these components can be found in [3] . In this Section we will focus on the two first ingredients.
A population-based and collaborative perspective
The methodology focuses on a massive prospecting campaign of the facades at a multiscale level. Indeed, it concentrates on the concept of the urban laboratory that collects the envelope of the buildings and constitutes the urban front. Gibert (2016) [3] defines the urban canyon as the U-shape location where the facades are exposured. In the urban canyon the ageing of the building stock population takes place. Territorial and environmental covariates occur and determine the facades durability over time. Figure 1 illustrates the urban laboratory and the urban canyon.
The project, in a networking manner, was born in order to be applied to any city in the world. The net has a neuronal analysis centre, the Collaboratory, as a coordination unit, able to store and analyze the information from the cells in order to test for similarities and differences across the participants (cities, i.e. urban labs). The right-hand part of the figure 1 illustrates the network. The main goal is joint efforts towards the predictive knowledge of the deterioration of the urban fronts and to facilitate the design of common standards and protocols of follow-up and intervention strategy. Gibert et al (2014) [7] designed the inspection protocol based on a list of requirements in order to apply a population-based approach. The final protocol comes from a weighted criterium that combines issues like identifiability of the facades, classification of the facades, methodological issues themselves, resources needed, data collection, and analytical skills for the decision-making. The visual inspection starts from an inspection system that structures the facade in different configurative possibilities, ergo different morphologies: Flat facades, facades with balconies, facades with tribunes, and facades with balconies and tribunes. In figure 2 it can be seen that each of these parts is analyzed independently within the whole of the facade and its durability is assessed based on a subdivision thereof, as well as its construction materials, injuries, extent and severity based on the perception of the technical inspector.
Inspection methodology
The methodology is designed to visualize and prospect the facades from the public road with a vision of macro-scale analysis. However, in practice, when considering raised parts in the front of the façade, some elements or states are hidden from their possible detection or there are difficulties to determine with accuracy the severity derived from the injury. This inconvenience motivates the research that we are conducting in order to improve the methodology.
Design of the experiment
In order to explore the emerging possibilities derived from capturing the information on the technical condition of the facades through UAV devices, we conducted the following experiment. In this preliminary approach, a) we selected a reduced sample of facades, b) we programmed and executed the flights for the data collection, c) we managed the digital information and, finally, d) we fulfilled the datasheet in figure 2 , in the Collaboratory. After comparing traditional visual inspections procedure with UAV-based procedure, final results and discussion were derived. Details are given in the next subsections.
Facades under inspection
A sample of six facades was selected in Poland, located in Warsaw (4 units) and Olsztyn (2 units). Facades were identified as units 1 to 6, respectively. The sample was chosen based on criteria of morphology and deterioration level. In figure 3 general views and characteristics of the sample under study are shown. To obtain digital images the UAV was equipped with a Digital camera (RGB sensor) with the following specifications: 12 Mpix resolution (4,000x3,000 pixels), physical size 6.170 mm x 4.628 mm, focal length: 3.55 mm. Three different flights were planned. In particular, surface raids were designed and executed using Map Pilot software, an iOS application that enables the design of an automated UAV flight. Specific flights conditions per each one of the days are displayed in table 1. In all the cases, conditions were good enough for a successful data collection. 
Description of the flights

Results and discussion
After the flights the images were processed and analyzed, facade by facade, by the technical inspector in the Collaboratory. Figure 4 displays a set of selected images that give support to the main contributions that can be derived from the analysis. It is important to notice that, in essence, all the results are positive. Main advantages and possibilities are listed in what follows.
 UAV strengths include high mobility in data acquisition and the ability to fly at different heights  To observe any area of the facade with sufficiently precise approaches to detect any type of existing injury. In addition, the results of the images are sufficiently explicit as to enable an expert to identify the existing architectural elements and their construction techniques (figure 4). From the experiment it can be also derived some learnings that could become limitations in some manner.
 We cannot ignore the existence of very strict regulations when carrying out these types of flights within a consolidated urban environment. Fortunately, new laws are progressively regulating the use of UAVs, in a more open perspective. Anyway, this circumstance would have to be considered in urban laboratories that have these restrictions.  The capture of images through UAV technology generates a very large amount of accurate information, in this first approach to the state of the facade. One important requirement in the BRAIN population-based methodology is the efficiency in terms of time and costs. Based on this, the analyst is forced to become familiar with files that range from the totality of the facade to each of the parts in which the facade is subdivided. This fact, far from being a problem, suggests that a structuring of information is needed, as well as, that an a priori technical flight plan is recommended.  When analysing time needed to fill in the form in figure 2 , we need to take into account three different periods: pre-flight, in-flight and post-flight. In other terms, the preparation of the plan for the flight, the collection of the images and the analysis of the information, respectively. Although the total time is greater than the one needed for a traditional inspection, the quality and quantity of the information that it is collected justifies the UAV methodology.
Conclusions
Based on the conducted experiment it can be stated that the use of UAVs for technical inspections of the facades in a building stock is an interesting alternative to the traditional visual inspections from the public way. The use of UAV provides new opportunities in the area of technical inspections due to the detail and accuracy of the data, low operating costs and fast data acquisition time. Despite it would be necessary to complement the experiment with a more detailed cost and time analyses, the main advantages of using UAV have been proved. The most positive contribution of UAV data acquisition to the BRAIN platform would be the reduction of the variability, from two different perspectives. On one hand, by reducing the differences between inspectors in the injuries identification and the extents and severities diagnosis. On the other hand, by minimizing the within inspector variability due to the best information's quality. This is one
